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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a kinetic energy 
absorber suited to be used as shock absorbing steering 
column. 

SOLUTION: This kinetic energy absorber includes 
plastic-deformable first and second members 30 and 40 
having traveling bite, a pusher 28 approaching to a first 
part of the first member 30 and fitted to a first body, a 
catch 44 allowing the second member 40 to move by a 
limited distance relative to the pusher 28, and an anvil 
device 35 fixed to the second body. The anvil device 35 
Is so positioned as to be approached to the traveling bite 
having a shape corresponding to the anvil surface 35. 
The anvil device pushes the traveling bite of the first 
member 30 in a first relative movement between the first 

and second bodies, moves along the length of the first member 30, pushes the traveling bite 
of the second member, and moves along the length of the second member. 
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original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st member that has traveling bite in an energy absorption apparatus and In 
which plastic deformation is possible (30, 70, 110), The 2nd member with traveling bite in 
which plastic deformation is possible (40, 80. 120). A pusher which is attached to the 1st main 
part (29, 41, 85, 135), and approached with the 1st portion of said 1st member (30, 70, 110) 
(28, 66). Said 2nd member (40, 80, 120) is the catch who enables it to move only distance 
limited about said pusher. . When there is a limit in said distance and this is exceeded, the 1st 
portion of said 2nd member (40, 80, 120) is effectively fixed in said pusher. They are a catch 
and the Ambil device (35, 68, 96) fixed to the 2nd main part (45, 86, 137). Approach with said 
traveling bite, and it is positioned and said traveling bite. Have the Ambil device which has the 
Ambil side of said Ambil device (35. 68, 96), and corresponding shape, and said Ambil device 
(35, 68. 96), pressing said traveling bite of said 1st member (30, 70. 1 10) at the time of relative 
displacement of the beginning of said 1st and 2nd main parts - said 1st member (30 and 70.) 
When it is constituted so that it may be made to move along with the length of 1 10, and said 
1st and 2nd main parts continue relative displacement, When said traveling bite of said 2nd 
member (40, 80, 120) is moved along with the length of said 2nd member (40, 80, 120) and 
said catch results in said limit. Said 1st member (30, 70, 110) and said 2nd member (40, 80, 
120) of said traveling bite are each the devices which absorb a lot of energy when moving one 
side caudad, and dissipate. 

[Claim 2]A device in the device according to claim 1 in which said 1st member (30, 70, 110) is 
quite shorter than said 2nd member (40, 80. 120). 

[Claim 3]ln the device according to claim 1, to the move direction of said 1st and 2nd 
members, this area of a cross-section area of said 2nd member (40, 80, 120) is a larger device 
than said 1st member (30. 70, 1 10). when vertical. 

[Claim 4]ln the device according to claim 3, said cross-section area of said 1st member (30, 
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70, 110) and said 2nd member (40, 80, 120), Cover the operation lengtli of said 1st member 
(30, 70, 110) and said 2nd member (40, 80, 120), and It is substantially fixed, and to said 
operation length. A device with which a part of said 1st member (30, 70, 110) that is started in 
a position of said traveling bite's beginning, and is finished with said free end, and said 2nd 
member (40, 80, 120) are contained. 

[Claim 5]A device which contains metal straps in which plastic deformation of each of said 1st 
member (30, 70, 110) and said 2nd member (40, 80. 120) is possible in the device according 
to claim 1 . 

[Claim 6]A device with which one side of said 1st and 2nd main parts contains steering column 
housing (45, 86, 137), and another side of said 1st and 2nd main parts contains a vehicle body 
(41 , 85, 135) in the device according to claim 1 . 

[Claim 7]ln the device according to claim 1, said 1st member (30. 70, 110) and said 2nd 
member (40, 80, 120) are made and formed, and J form this form, Each 1st portion of the 
above is in a place of said said 1st and 2nd members (30. 40) which is each one 1st end (32. 
42). Each 1st and 2nd members (30, 40) of the above have further said 1st end (32. 42) and 
the free end of an opposite hand, They are an^anged mutual almost In parallel by each 1st end 
(32, 42) of the above, and said free end, and said traveling bite, Said 1st end (32, 42) is 
adjoined at first before said relative displacement of said 1st and 2nd main parts (29, 135, 
137), A device which said 1st end (32) of said 1st main part (29, 135) is being fixed to said 
pusher (28), and is characterized by said 1st end (42) of said 2nd main part (137) including 
said catch. 

[Claim 8]A device which said 1st member (30) and said 2nd member (40) receive mutually, 
and has become a nest in the device according to claim 7. 

[Claim 9]A device with which one side of said 1st and 2nd main parts (45, 41) contains steering 
column housing (45), and another side of said 1st and 2nd main parts (45, 41) contains a 
vehicle body (41) in the device according to claim 7. 

[Claim 10]ln the device according to claim 7, said Ambll device (35) contains a sleeve (45), 
Can position this sleeve (45) as a center and a steering shaft said 1st main part (41), A device 
with which said free end of said 1st and 2nd members has extended along an axis of said 
sleeve (45) and said color (41) including a color (41) which can be arranged to the same mind 
focusing on said sleeve (45) in each. 

[Claim 1 1]the [ which has been an-anged at about 180 degrees from said 1st and 2nd 
members (30, 40) in the device according to claim 10 ] - the [ the 2 1st member and (30), 
and ] - a device which contains the 2 2nd member (40) further. 

[Claim 12]ln the device according to claim 7, said pusher (28) contains a pin (28), Said 1st 
member (30) has a hole (34) at said 1st end (32), and said pin (28) is prolonged through this 
hole, By this, fix to said pusher (28) and said 1st end (32) said catch, A device which it has the 
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long and slender slot (44) formed in said 2nd member (40), and this slot collaborates with said 
pin (28), and enables said limited movement between said pin (28) and said 2nd member (40). 

[Claim 13]ln the device according to claim 1, said 1st member (30, 70, 110) and said 2nd 
member (40, 80, 120) mal<e M form, and are formed. Each of said 1st and 2nd members (70, 
80) The two free end which extends in the 1st direction at the whole (72, 82), Have the 2nd 
traveling bite and a central byte (74, 85) prolonged in said 1st direction at the whole, and said 
Ambil device (68), It has two Ambil sides (68) which approached with said traveling bite of said 
1st and 2nd members (70, 80), and said 2nd traveling bite between said central byte (74, 85) 
and said free end (72, 82), and were positioned respectively, A device with which said pusher 
(66) approaches with said central byte (72) of said 1st member (70), and is positioned, and 
between said pusher (66) and said central bytes (85) of said 2nd member (80) is estranged for 
said catch. 

[Claim 14]A device with which said 1st member (70) and said 2nd member (80) are a nest 
mutually in the device according to claim 13. 

[Claim 15]A device with which one side of said 1st and 2nd main parts contains steering 
column housing (86). and another side of said 1st and 2nd main parts contains a vehicle body 
(85) in the device according to claim 13. 

[Claim 16]ln the device according to claim 13, said Ambil device (68), A device with which this 
hollow (89) contains a bracket (85) which can attach said pusher (66) to a body of a car 
including the said 1st and 2nd Ambil sides (68) including a hollow (89) formed in steering 
column housing (86). 

[Claim 17]ln the device according to claim 1, said 1st member (110) and said 2nd member 
(120), S form is made and formed and this form, each 1st portion of the above - each of said 
1st and 2nd members (110. 120) - it being in one 1st end (112, 122), and each 1st and 2nd 
members (110, 120) of the above, A device which has an opposite end (126) further and is 
characterized by said traveling bite adjoining said 1st end (1 12, 122) before said relative 
displacement of said 1st and 2nd main parts (29, 135, 137). 

[Claim 18]A device which each 1st end (112, 122) of the above and said opposite end (126) 
receive mutually, is almost parallel in the device according to claim 17, and has been 
prolonged in both directions. 

[Claim 19]A device with which said Ambil device (96) is prolonged in the device according to 
claim 18 including at least three Ambil sides (97. 98) in inside of a flat surface where each 1st 
end of the above and said opposite end are common. 

[Claim 20]A device with which said 1st member (1 10) and said 2nd member (120) are a nest 
mutually in the device according to claim 17. 

[Claim 21]A device with which one of said the 1st and 2nd main parts (29. 135, 137) contains 
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Steering column housing (137), and another side of said 1st and 2nd main parts contains a 
vehicle body (135) in the device according to claim 17. 

[Claim 22]An energy absorption apparatus which absorbs kinetic energy by resisting 
compressive force which acts on said impact-absorbing steering column (76, 130) in an 
impact-absorbing steering column for kinetic-energy absorption is included. This energy 
absorption apparatus Steering column housing (45, 86, 137), Including the 1st member (30, 
70, 110) in which plastic deformation is possible, and the 2nd member (40, 80, 120) in which 
plastic deformation is possible, said compressive force, It is done to said steering column 
housing (45, 86, 137), Displace said steering column housing (45, 86, 137), and it is sent at 
first not through said 2nd member (40, 80, 120) but through said 1st member (30, 70, 110), 
and at some points formed beforehand. Then, said compressive force passes said 2nd 
member (40, 80. 120) during said displacement, as for each of said 1st and 2nd members (30, 
40. 70. 80, 110. 120), said member (30, 40, 70, 80, 110, 120) presses said traveling bite 
Including traveling bite - said member (30, 40, 70, 80, and 1 10.) A steering column which 
absorbs said kinetic energy by moving only the predetermined length of 120. 
[Claim 23]A steering column in the steering column according to claim 22 in which said 1st 
member (30, 70, 1 10) is quite shorter than said 2nd member (40, 80. 120). 
[Claim 24]A steering column with a larger cross-section area of said 2nd member (40. 80. 120) 
in the steering column according to claim 22 than said 1st member (30, 70. 110). 
[Claim 25]ln the steering column according to claim 24, said cross-section area of said 1st 
member (30, 70, 110) and said 2nd member (40, 80, 120), Cover the operation length of said 
1st and 2nd members (30, 40. 70, 80, 110, 120), and it is substantially fixed, and to said 
operation length. A steering column with which said a part of 1st and 2nd members (30, 40, 70, 
80, 110, 120) that are started in a position of said traveling bite's beginning, and are finished 
with said free end are contained. 

[Claim 26]A steering column which contains metal straps in which plastic deformation of each 
of said 1st member (30, 70. 110) and said 2nd member (40, 80, 120) is possible in the steering 
column according to claim 22. 

[Claim 27]ln the steering column according to claim 22, said 1st member (30) and said 2nd 
member (40) make J form, and are formed. Each of said 1st and 2nd members (30, 40). Have 
the 1st end (32, 42) and the free end of an opposite hand of this 1st end (32, 42), and said 1st 
end of said 1st member (30), It is being fixed to a pusher (28) fixed to one side of the bodies of 
said steering column housing and said car, and said 1st end (42) of said 2nd member (40), 
Have the catch who permits limited movement about said pusher (28) of said 2nd member, 
and said steering column. It has further the Ambil device (35) with the Ambil side (35) formed 
so that it might collaborate with said traveling bite's each, Said Ambil side (35) is being fixed to 
another side of the bodies of said steering column housing, i.e., said car, A steering column 
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which each 1st end (32, 42) of the above and said free end are arranged mutual almost in 
parallel, and said traveling bite's each adjoins said 1st end before said displacement at first, 
and moves toward said free end during said displacement. 

[Claim 28]A steering column with which said 1st member (30) and said 2nd member (40) are a 
nest mutually in the steering column according to claim 27. 

[Claim 29]ln the steering column according to claim 27, said pusher (28) has a pin (28), Said 
1st member (30) had a hole (34) at said 1st end (32), and said pin (28) Is prolonged through 
this hole, By this, fix to said pusher (28) and said 1st end (32) said catch, A steering column 
with which it is formed in said 2nd member (40), and a long and slender slot (44) which 
collaborates with said pin (28) and enables said limited movement between said pin (28) and 
said 2nd member (40) Is formed. 

[Claim 30]ln the steering column according to claim 22, said 1st member (70) and said 2nd 
member (80) make M form, and are formed, Each of said 1st and 2nd members (70, 80), Have 
in the whole the two free end (72, 82) which extends in the 1st direction, and to it each of said 
1st and 2nd members. Have the 2nd traveling bite and a central byte (74, 85) prolonged in said 
1st direction at the whole, and said steering column, Between said central byte (74, 85) and 
said free end (72, 82). being positioned respectively - and each of said traveling bite of said 
1st and 2nd members (70. 80), and said 2nd traveling bite - it having further the Ambil device 
(68) including one side and two Ambil sides (68) which approached, and. Said pusher (66) 
approaches with said central byte (74) of said 1st member (70), and is positioned, A steering 
column with which between said pusher (66) and said central bytes of said 2nd member (85) is 
separated for said catch including [ as a result ] a central byte (85) with said 2nd deep member 
(80). 

[Claim 31 ]A steering column with which said 1st member (70) and said 2nd member (80) are a 
nest mutually in the steering column according to claim 30. 

[Claim 32]ln the steering column according to claim 30, said Ambil device (68), A steering 
column which has the hollow (89) formed in said steering column housing (86) and with which 
this hollow (89) contains a bracket (85) which can attach said pusher (66) to a body of a car 
including the said 1st and 2nd Ambil sides (68). 

[Claim 33]ln the steering column according to claim 22, said 1st member (110) and said 2nd 
member (120) are made and formed, and S form in this form. Each of said 1st and 2nd 
members (110. 120) including the 1st end (112, 122) and an opposite end (126) each 
aforementioned traveling bite, A steering column which adjoins said 1st end (1 12, 122) before 
said displacement, and said traveling bite is pressed by said Ambil device (96), and is moved. 
[Claim 34]A steering column which is substantially parallel mutually as for said 1st end (1 12, 
122) and said opposite end (126), and is prolonged to an opposite direction in the steering 
column according to claim 33. 
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[Claim 35]A steering column which said Ambll device (96) has at least three Ambil sides (97, 
98), and is prolonged in the steering column according to claim 33 In inside of a flat surface 
where each of said 1st end (1 12, 122) and said opposite end (126) is common. 
[Claim 36]A steering column with which said 1st member (110) and said 2nd member (120) are 
a nest mutually in the steering column according to claim 33. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJThis invention relates to a kinetic-energy absorber style applicable to the 

Impact-absorbing steering column of a car. 

[0002] 

[Description of the Prior Art]ln order to make small a possibility that it is injured when an 
accident happens, It is common knowledge to use a kinetic energy absorber by a car. Such a 
device takes many various forms. When absorbing a lot of energy in comparatively small 
space, especially one advantageous form, It is a form which the member In which plastic 
deformation, such as metal wires In which plastic deformation is possible, or a strap, is 
possible, a pusher, and Ambil are used, and the member in which plastic deformation is 
possible is pulled around this Ambil, and dissipates energy at the time of modification of this 
member. At first, a member is bent, forms traveling bite, and positions this around Ambil. When 
a pusher pulls a member on Ambil, traveling bite moves the length of a strap caudad. 
[0003]An example of this art is indicated to U.S. Pat. No. 5,788,278 endowed with Thomas etc. 
on August 4, 1998. By having touched on the patent, all the contents currently indicated by the 
patent should be incorporated into this specification. In this patent, metal straps are formed in 
the whole at M shape. The two legs of M are longer for whether your being Haruka than the 
web prolonged in between these legs. Each leg of M is positioned by two both sides of Ambil, 
and a central pusher is positioned between [ of two ] Ambil. The pusher is attached to the body 
of a car and Ambil which made the pair is attached to steering column housing in this case. At 
the time of a front collision, it is thought that a driver collides with a handle, compressive force 
is added to steering column housing by this, and Ambil is moved on both sides of a pusher. 
Metal straps are pulled around Ambil, when a center section is depressed between Ambil. 
[0004]lt was [ for absorbing a lot of kinetic energy in compact space ] effective to have used 
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the member in which plastic deformation is possible, and although it was a reliable means, in 
order to change the quantity of resistance appropriately according to various loads, the former 
was impossible for using this art. Since a car accident occurs in various severity, it is desirable 
to provide a little resistance in the low collision of severity, and for resistance when a 
comparatively serious collision takes place to provide a large energy absorption apparatus. 
[0005]ln order to change the quantity of resistance according to displacement of steering 
column housing, the trial of the conventional technology which uses the member in which 
plastic deformation is possible was unsuitable. This is because the chief aim is placed by that 
the most important design performance starts on a low power level, and shifts to a still higher 
level. Although the metal straps used for drawing 2 f of U.S. Pat. No. 5,375,881 endowed with 
Lewis on December 27, 1994 ] a in a way similar with having explained into the preceding 
sentence with reference to U.S. Pat. No. 5.778,278 of upper ** are shown, Ambil is not 
provided in this case. Instead, Lewis uses flexural strength and tensile strength for keeping 
"freedom" end from buckling by compression. In this case, tension is added to inside parts and 
a byte is pulled caudad actually. It is preferred to use Ambil. This has a desirable effect of 
friction between traveling bite and Ambil, and is for the danger of buckling to disappear by 
using Ambil. 

[0006]The strap of Lewis's drawing 2 a has various sections. Specifically, Lewis's strap 
includes narrow classification near the pusher in the center, and includes double width 
classification toward the pars basilaris ossis occipitalis of a biped part. Since narrow 
classification is provided in the center, the initial resistance which increases when traveling bite 
reaches double width classification decreases. I hear that a strap will break and there is a 
problem about this design, when the big power exceeding the tensile strength of narrow 
classification is transmitted. Since it is greatly processed into the narrow classification of the 
strap by bending, the tensile strength of narrow classification is dramatically complicated. 
Since resistance increases by friction between Ambil and traveling bite, this danger becomes 
high when using Ambil. 

[0007]ln U.S. Pat. No. 5,026,092 endowed with Abram KUJIKKU on June 25. 1991. . Only 
when energy cannot be absorbed by being crushed by the bottom of control as the steering 
column assembly was designed no matter the main energy absorption system might be what 
system, came to take effect. Or only when bigger impact load than the design load of a system 
is added, the energy absorption steering column with a passive restricted load limited column 
supporting system which came to take effect is indicated. This system is designed break in an 
operation of a high shock, and contains the steering column bearing bracket to which a 
steering column can be moved up with the flexibility 2, In this case, a steering column collides 
with an instruments panel, carries out plastic deformation of itself and the instruments panel 
themselves, and provides the additional energy absorption needed by this (refer to the 5th 
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column of the 10th line of Abram KUJIKKU thru/or the 50th line). This system does not provide 
the energy absorption characteristic of a desired l<ind with an impact-absorbing steering 
column, but when the impact load beyond a specific threshold is added, the whole impact- 
absorbing steering column is used for it. 
[0008] 

[Problem(s) to be Solved by the Invention and iVIeans for SolutionJThe 1st and 2nd members in 
which a fault of conventional technology of above-mentioned and others has traveling bite and 
in which plastic deformation is possible. The 1st portion of the 1st member attached to the 1st 
main part, and a pusher which approached. The part II material is solved by a l<inetic energy 
absorber suitable for using it with an impact-absorbing steering column containing a catch who 
enables it to move only distance limited about a pusher, and the Ambil device fixed to the 2nd 
main part. The Ambil device approaches with traveling bite and is positioned. 
Traveling bite has the Ambil side of the Ambil device, and corresponding shape. 
The Ambil device presses traveling bite of the 1st member at the time of initial relative 
displacement between the 1st and 2nd main parts, moves along with the length of the 1st 
member, subsequently presses traveling bite of the 2nd member, and moves along with the 
length of the 2nd member. 

[0009]l will be understood by referring to these explanation and accompanying drawings with 

other detailed features that reach. 

[0010] 

[Embodiment of the lnvention] Drawing 1 shows the operation of the kinetic energy absorber 5 
of the common knowledge which uses J strap form to an outline. The strap 10 contains the 
traveling bite who used looped shape on Ambil 15. The 1st end 12 of the strap 10 is pulled so 
that it may keep away from Ambil 15 in the direction of the arrow 14. Subsequently, the free 
end 16 of the strap 10 is pulled around this Ambil toward Ambil 15, and traveling bite moves 
the length of the strap 1 0 caudad. 

[001 1] Drawing 2 shows the partial decomposition figure of the variable resistor energy 
absorption apparatus 25. The pin 28 is being fixed to the 1st base material 29, and Ambil 35 is 
attached to the 2nd base material (not shown). Ambil 35 is a cylindrical shape in this case, and 
it can be supported, enabling free rotation so that it may rotate freely on that axis. The pin 28 is 
positioned by the hole 34 of the 1st strap 30, and the slot 44 of the 2nd strap 40. During the 
period for which energy absorption is needed, the pin 28 moves in the direction of the arrow 37 
so that it may keep away from Ambil 35. At first, the pin 28 is forced on the 1st end 32 of the 
1st strap 30, and as this explained drawing 1 into the preceding sentence, it pulls the 1st strap 
30 around Ambil 35. Therefore, in this example, the pin 28 acts as a pusher. At this time, the 
pin 28 moves in the inside of the slot 44 formed in the 2nd strap 40. therefore the 2nd strap 40 
is still stationing about Ambil 35. However, once the pin 28 reaches the opposite end of the slot 
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44, this will operate as a catch and will restrict the relative displacement beyond this between 
the 2nd strap 40 and the pin 28. The pin 28 ranks second and begins to pull the 2nd strap 40 
from the 1st end 42. 

[0012] Drawing 3 shows the example of the illustration of a multi-J-strap form explained into the 
preceding sentence about drawing 2 . In this case, the color 41 is anranged around the sleeve 
45 and the steering shaft (not shown) at the same mind. The color 41 is fixed to the body of a 
car (not shown), and the sleeve 45 is attached to steering column housing. The sleeve 45 is 
pressed by the left as shown in an accompanying drawing at the time of a shock, and it passes 
the fixed color 41 about a car. The color 41 has the pin 28 of a couple and these pins are 
prolonged through the hole 34 formed in each 1st strap 30. Two of the 1st straps are 
illustrated. The slot 44 is formed in each of the 2nd strap 40, and the pin 28 moves in 
accordance with these slots among the 1st portion of energy absorption movement. When the 
sleeve 45 moves to a left, it is forced on the traveling bite formed in the 1st strap 30, and the 
1st strap 30 is bent around Ambil 35, and by this, Ambil 35 formed in the sleeve 45 generates 
a resistance force, and absorbs kinetic energy. 

[0013]ln some respects, a position contrary to the position of a graphic display within the slot 
44 is reached, the pin 28 ranks second, and the pin 28 holds the 1st end 42 of the strap 40 to 
stationing about the color 41. when this happens, and the sleeve 45 moves to a left further, 
each free end of the strap 40 is pulled around this Ambil toward Ambil 35 - this - a resistance 
force - and - therefore, energy absorption is raised substantially. 

[00141Next, the 2nd example of this invention is described with reference to drawing 4 thru/or 
drawing 6 . Drawing 4 shows the operation of the kinetic energy absorber 55 of the common 
knowledge which uses M strap form to an outline. The strap 60 contains in the circumference 
of each Ambil 68 two traveling bite made Into looped shape. A central byte adjoins the pusher 
66 and is stationed. If power is applied to the pusher 66 as the arrow 67 shows, the free end 
62 of the strap 60 will be drawn in the circumference of each Ambil 68, and only the length of 
the free end of the strap 60 will move traveling bite. Here, Ambil 68 should note not being 
supported according to whether additional frictional resistance is a request, enabling free 
rotation, even if supported enabling free rotation. 

[OOlSl Drawing 5 shows the schematic diagram of the variable resistor energy absorption 
apparatus 65 which uses M strap form. The pusher 66 is being fixed to the 1st base material 
(not shown), and Ambil 68 is attached to the 2nd base material (not shown). The pusher 66 
moves In the direction of the arrow 67 about Ambil 68 during the period which needs energy 
absorption. At first, by the way, the central byte 74 pushes the 1st strap 70, and the pusher 66 
is made to transform the 1st strap 70, and pulls the free end 72 around each Ambil 68. During 
this time, since the pusher 66 does not yet touch the 2nd strap 80, the 2nd strap 80 remains in 
that position. However, once the pusher 66 results in the central byte 84 of the 2nd strap 80, 
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the pusher 66 will begin to pull the center portion of the 2nd strap 80 in the direction which 
separates from Ambil 68, and will pull the free end 82 of the 2nd strap 80 around each Ambil 
68. Thus, the central byte 84 who made the hollow of the pusher 66 and the 2nd strap 80 
collaborates as a catch, and the central byte's 84 hollow makes possible relative displacement 
limited between said pusher and said central byte 84. 

[001 6] Drawing 6 shows the partial decomposition figure of the example of illustration of the 
variable resistor energy absorption apparatus which uses M strap form explained into the 
preceding sentence about drawing 5 . It is supported by the bearing where the nest impact- 
absorbing steering shaft 76 is positioned in the steering column housing 86, and the front end 
is supported by the bearing base material 75 and which has the 2nd end in the expansion 
strengthening back end 87 of the steering column housing 86. The steering shaft 76 is 
connected with the upper shaft 78 by the universal joint 77, and the upper shaft 78 Is 
positioned by the tilt housing 88. 

[0017]The steering column housing 86 is positioned about the handle (not shown) to the 
bracket 85 being fixed to the body of a car (not shown). The steering column housing 86 
contains the cavity 89 accommodated so that an energy absorption apparatus may be 
explained below. As for the cavity 89, these Ambil and 1st strap 70, and the 2nd strap 80 are a 
nest including Ambil 68 of a couple. The 1st end 81 Is Inserted through the bracket 85, and is 
attached to the bearing base material 75. The bracket 85 contains the central bytes 74 and 84 
of the 1st and 2nd straps, and the adjusted pusher 66. 

[0018]ln a front collision, a driver Is equivalent to a handle (not shown), the power is 
transmitted to the steering column housing 86, and steering column housing is ahead pressed 
in the direction of the an^ow 91 . Ambil 68 attached to the steering column housing 86 pushes 
the 1st and 2nd straps 70 and 80 ahead. At first, the pusher 66 of the fixed bracket 85 contacts 
the central byte 74 of the 1st strap 70, and pulls the 1st strap 70 around Ambil 68. then - the 
pusher 66 reaching the position of the central byte 84 of the 2nd strap 80, and pulling the 2nd 
strap 80 around Ambil 68 subsequently in some respects, — this - resistance — and — 
therefore, energy absorption is raised substantially. 

[0019]Next, the 3rd example is described with reference to drawing 7 thru/or drawing 10 . 
Drawing 7 shows the operation of the kinetic energy absorber 90 of the common knowledge 
which uses S strap form of illustration to an outline. Although characterized by the bending 
form to which the 1st end 102 and the 2nd end 104 usually move S strap form together into the 
strap 100 In which plastic deformation is possible, and an energy absorption process, and at 
least two traveling bite between the 1st end and the 2nd end moves the length of a strap, This 
is not a necessary condition of S strap form. In the form of drawing 7 , the strap 100 contains 
some traveling bite stationed In the Ambil device 96. The Ambil device contains the two 
bending surfaces 97, the center roller 98, and the stay roller 99 which were formed in the block 
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105. The 1st end 102 of the strap 100 is pulled in the direction which keeps away from the 
Ambil device 96 in the direction of the arrow 94. The free end 104 of the strap 100 is pulled 
toward the Ambil device 96, lengthens and distorts the strap 100 in the circumference on 
various surface of bending by this, and makes a lot of energy dissipate. In this example, 
although three traveling bite is illustrated, please note being able to use the arbitrary 
combination or number of flections. An example of S strap form of the common knowledge 
which uses only two flections is indicated by U.S. Pat. No. 5,605,352 endowed with RIFE etc. 
on February 25, 1997. 

[0020] Drawing 8 shows the partial decomposition schematic diagram of the variable resistor 
energy absorption apparatus 115 which uses S strap form. The pin 28 is being fixed to the 1st 
base material 29, and the Ambil device 96 is being fixed to the 2nd base material (not shown). 
The Ambil device 96 contains two or more rollers 97, 98, and 99 in this case. During the period 
which needs energy absorption, the pin 28 moves so that it may keep away from the Ambil 
device 96 in the direction of the arrow 37. As the pin 28 is forced on the 1st end 1 12 of the 1st 
strap 110 and was explained into the preceding sentence about drawing 7 at first, the 1st strap 
1 10 is pulled through the Ambil device 96. Therefore, the pin 28 acts as a pusher in this 
example. The pin 28 moves during this time in the inside of the slot 124 formed in the 2nd 
strap 120, therefore the 2nd strap 120 is still stationing about the Ambil device 96. However, 
once the pin 28 results in the opposite end of the slot 124, it will begin to pull the 2nd strap 120 
from the 1st end 122. Thus, the pin 28 and the slot 124 operate as a catch who enables only 
limited movement between the 2nd strap 120 and the Ambil device 96. Although the 1st strap 
1 10 is shown a little shorter than the 2nd strap 120, that may not necessarily be right. Work of 
the power which pulls apart the pin 28 and the Ambil device 96 in this way, It is first absorbed 
with the 1st strap 110, and, subsequently is absorbed with the 2nd strap 120, or is first 
absorbed with the 1st strap 110, and, subsequently is absorbed by both 1st and 2nd straps 
110 and 120. 

[0021] Drawing 9 shows the schematic diagram of the impact-absorbing steering column 130 of 
the illustration in the state where it assembled which provides the variable resistor energy 
absorption apparatus which uses S strap form explained into the preceding sentence with 
reference to drawing 8 . The steering column 130 contains the upper steering column housing 
137 accepted in the lower steering column housing 135 at the same axle. In the up-and-down 
steering column housing 137 and 135, the steering shafts 127 and 125 of the upper and lower 
sides which carry out an impact absorption to a nest within each housing are accepted at the 
same axle. The up-and-down steering column housing 137 and 135 is attached by the 
connecting part (not shown) of the halfway point which breaks easily by the way. Therefore, 
the connecting part which breaks easily at the time of the shock of the compressive force of 
sufficient strength shears, and, thereby, compressive force can be absorbed by the 1st and 
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2nd straps 110 and 120 shown in drawing 10 . Altliough it has indicated that only the free end 
126 of the 2nd strap 120 extends from the Ambil device 96, As explained into the preceding 
sentence with reference to drawing 8 . the opposite end of a strap is pulled, and when 
resistance of the 1st quantity was produced first, it ranks second and up-and-down steering 
column housing breaks by this, resistance of the 2nd quantity is produced. 
[0022]Although this invention was shown and explained about some examples, these 
examples are only Illustration of this invention, and it should be understood that it is not 
limitation. For example, although the 1st strap of each example is shown a little shorter than 
the 2nd strap, it may not necessarily be so. In this way, work of a pusher and Ambil can be first 
absorbed with the 1st strap, subsequently can be absorbed with the 2nd strap, or is first 
absorbed with the 1st strap and, subsequently can be absorbed with both the 1st strap and the 
2nd strap. Even when the flexural strength of the 2nd strap is larger than the 1st strap and the 
free end of the 1st strap passes the circumference of the Ambil device thoroughly, resistance 
when a pusher reaches the central byte of the 2nd strap increases substantially. 
[0023]The member which carried out plastic deformation does not need to take the gestalt of 
the even equivalent strap of a graphic display. Other sectional shape with various circular, 
squares, ellipse forms, etc. can be used. It is necessary to cover the operation length of a 
member like a graphic display, and a cross-section area does not need to be constant. For 
example, drawing 7 of U.S. Pat. No. 5,788,278 (by having touched on the patent, the contents 
currently indicated by the patent should be incorporated into this specification), Sections 
decrease in number gradually toward the free end, and the metal straps of the modification 
which carries out the energy absorption characteristic of the member in which plastic 
deformation is possible as a demand by this are shown. 

[0024]Although only two straps which became a nest mutually are shown, arbitrary numbers of 
straps are mutually made into a nest, or using the same principle, it adjoins mutually and can 
arrange, and an additional strap is used when the gap from an initial state increases. Although 
the catch who contains a pin and a slot device about the 1st and 3rd examples is shown, it 
replaces with this and arbitrary kinds of catch can be used. 

[00251Although the Ambil device for bending traveling bite is used for all the examples of a 
graphic display, although the Ambil device is preferred as written in the column of the 
conventional technology in this specification, it is not a required device by any means. The 
person skilled in the art can consider the change to the example of the statement without the 
Ambil device. 

[0026]Therefore, these things that reach and many of other modifications are possible will be 
understood by the person skilled in the art, without deviating from the pneuma and the range of 
this invention. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fv^ 6/26/2008 



JP,2003-148539,A [DETAILED DESCRIPTION] Page 8 of 8 



[Translation done.] 



http://vmw4.ipdl jnpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=^^ 6/26/2008 



JP,2003-148539,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 3 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing H it Is a schematic diagram of the energy absorption apparatus of the conventional 
technology which uses J strap. 

[Drawing 21 lt is a schematic diagram of the variable resistor energy absorption apparatus 
which uses J strap form. 

[Drawing 31 lt is a schematic diagram of the example of illustration of the energy absorption 
apparatus of drawing 2 . 

[Drawing 41 lt is a schematic diagram of the energy absorption apparatus of the conventional 
technology which uses M-strap. 

[Drawing 51 lt is a schematic diagram of the variable resistor energy absorption apparatus 
which uses M-strap form. 

[Drawing 61 lt is a schematic diagram of the example of illustration of the energy absorption 
apparatus of drawing 5 . 

[Drawing 71 lt is a schematic diagram of the energy absorption apparatus of the conventional 
technology which uses S-strap. 

[Drawing 81 lt is a schematic diagram of the variable resistor energy absorption apparatus 
which uses S-strap. 

[Drawing 91 lt is a schematic diagram of the example of illustration of the energy absorption 
apparatus of drawing 8 . 

[Drawing 10l lt is a figure of S-strap of the couple used in the example of drawing 9 . 

[Description of Notations] 

5 Kinetic energy absorber 

10 Strap 

12 The 1st end 

14 Arrow 
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15 Ambil 

16 Free end 

25 Variable resistor energy absorption apparatus 

28 Pin 

29 The 1 St base material 

30 The 1st strap 
32 The 1st end 

34 Hole 

35 Ambil 
37 Arrow 

40 The 2nd strap 

41 Color 

42 The 1st end 

44 Slot 

45 Sleeve 

55 Kinetic energy absorber 
60 Strap 
62 End 

65 Variable resistor energy absorption apparatus 

66 Pusher 

66 and 67 Arrow 
68 Ambil 
70 The 1st strap 
72 End 

74 Central byte 

75 Bearing base material 

76 Steering shaft 

77 Universal joint 

78 Upper shaft 

80 The 2nd strap 

81 The 1st end 

82 End 

84 Central byte 

85 Bracket 

86 Steering column housing 

87 Back end 

88 Tilt housing 
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89 Cavity 

90 A well-known kinetic energy absorber 

91 and 94 Arrow 

96 Ambil device 

97 Two bending sides 

98 Center roller 

99 Stay roller 

100 The strap in which plastic deformation is possible 
102 The 1st end 

104 The 2nd end 

105 Block 

110 The 1st strap 
112 The 1st end 

115 Variable resistor energy absorption apparatus 
120 The 2nd strap 
122 The 1st end 

124 Slot 

125 and 127 Lower steering shaft 

126 End 

130 The impact-absorbing steering column in the state where it assembled 
135 Lower steering column housing 
137 Upper steering column housing 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

DRAWINGS 



[Drawing 11 




[Drawing 4] 
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[Drawing 10] 




i 

[Drawing 61 
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[Drawing 81 




[Drawing 91 




12B 
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[it5it:^ 1 6 1 mm. 1 3 ^clas;c75i^a^;l:^ov^T. m 
larvtryu^g (es) ti. x-rry >:/='^A>'Nr>i;? 

^-i/ (8 6) \Z.^^^^fvfzJm\ (8 9) rcDiM] 

-m (8 9) *imiis^i^tr>*m2(7)rvbvu® (as) ^ 

Stjia>^5/>--y (6 6) Ji. Silic^TKy'^ t:iStt){^ 30 
ft5ri::65T-#5>^7>5r5/ h (8 5) ^^tp. ^fio 

tlS^jSi 71 if^jt^ii ^::|£t^(Di^@^c^ov^T. tuie 

imaSW (110) ^D^BtlES 2 (1 2 O) S 

a5^;6>mjf£ll 1 ^SlU^^ 2 (^m^ ( 1 i 0 . i 2 o ) 

(112. 12 2) icfci?. ^mjiaSl 

2 (Da5>H- ( 1 1 o . 120) t^. s>ct^ ( 1 2 

6) ^Mt-*L. Hufah7-<y v-^r^^-Y hf±> mriaili 

:5.tJ^m 2 co:^tt: (29. 135. 1 37) (omW^n^^ 

Wmri-mjifim 1 ( 1 1 2 . 12 2) tpgEurvN^r 4o 

[If 1 8 ] If 3}^2S 1 7 ^;l|s«^7:>sm^-:iyv^T. # 
Mtsm 1 « ( 1 1 2 . 12 2) 'BLxm'^m^^ ( i 2 

isrvtv^sgg (9 6) j-i^?'^< (1: t>^-o(7)r^/tvi-® 

(9 7. 9 8) ^-g-;^. #StrtSm m25:T^«j|SS^«ti 
[|f3S«2 0] If5}t3ll 7{C|5«cC7>a^@t-iy<'^T. M 60 



iBmi^t* (110) 'BLxm^^2mi (120) j±s 

Ilt*^2 ll If^^l 7tC|S^(7:►^S^-*3V^T. aft 
ism 1 :RT/|| 2 co:*:ft: (29. 135. 137) <?5— o 
;5S:J'.7^Ty >'^/=3^J^yN»^v^:^i/ (13 7) Sr^^. ml 
iSmiS.I/m2(Z):*:fls:(Oflk:^;65¥:fi7Kx^ (13 5) ^ 

(7 6. 1 3 0) tc{t^-r^jEje;^iici£6i:-r'5c^tcj: 

- (D^^^.'L-^aE^KlDli^BJl. ><.7^r y :^i/=3^ A/^^>>?>' 
^(45. 86. 137). w^m^^-^mf^w, 1 
(3 0. 7 0. 1 1 0). mjm^mmmft%2W^ 

(4 0. 8 0. 1 2 0) HuiSl±^;bfi. tuia^ 

xry >^^='^A/^e7>^>'i/ (4 5. 8 6. 1 3 7) tC 

wia;^v^r y >^^='^AxNr5^v?>'^ (45. 

8 6. 1 3 7) ^r^ffi^i^. si;]. m^%2^Pi (4 
0. 8 0. 1 2 0) Xfii<m^%\U-^ (3 0. 7 0. 
110) ^ilUT^LfRjttbiX. ^'r>t^(0^^m^^^ 

*r (4 0. 8 0. 1 2 0) ^iiiiiu. mmmiRv'm2 

(D^^ (30. 40. 70. 80. 110. 120) (D 
^><rfib^-<y >>/^<>r h^-g-^. mmUU (3 0. 4 

0. 70. 80. 110. 120) {1. mrfs h^-<y 

:5^>^<>r h^JflELXHUfaSBtf (3 0. 4 0. 7 0. 8 

0. 110. 120) <Dm'^<o&^tf:t,^^m^'^^,:Lt 

[|f*:®2 31 lf*:S2 2 t;i|am<^^7^r y 

1. {C*5UNT. BUiamiaS^- (3 0. 7 0. 1 1 0) 
fe^2|R5«- (4 0. 8 0. 1 2 0) J: ti^e^^Jfc 19 

[Sf^3S2 41 If3j^3l2 2lC|&tt<^X7^Ty ^-i/ri^ 

Mf5m2a5«' (4 0. so. 120)0^ 
Mie^iaJW (3 0. 7 0. 1 1 0) J:^h:k 

Isf*^2 5l ft*^2 4jr|B«c(7>^7^Ty Vi/r^^ 

i^(cioV^T. mjiami§3«- (3 0. 7 0. 1 1 0) :S.TJ« 

mtd.m2Un (4 0. 8 0. 1 2 0) (7)HUiail^®aH> 

m^miRum2(O^U (S 0^ 4 0. 7 0. 8 0. 1 

10, 12 0) (Di'fmM^^^M.^xmwm^i—^xh 

(30. 40. 70. 80. 110. 120) <0— 

[it*3l2 6] fS5^^3l2 2icis®(7);^7^r y ^-^^^^ 
Aiciov>T. t&iamiSP^ (3 0. 7 0. 1 1 0) Rt5 

mt^^2m^ (4 0. 8 0. 1 2 0) (D^^\-X. Mt4^ 
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Atc^ov^r. mmmi^u (so Rx/mw.m2^u 

(4 0) HJ?^»:^;^iU-C?^^$tbr*3t). ttrlBBl-S: 
r/^2 0as^t (3 0. 4 0) <D^^\^. (3 2. 

4 2) ^tKwC^^liffi (3 2. 4 2) tD^>ttmiJ60g^C 

$r^u. Huiemispw (3 0) oMiasiWi. mris^ 

'h(D—:^{cm'&^t\^tiy'^yiy^ (2 8) (cg^^ixris 
9. fltiiaii2$i5W (4 0) (oMiani* (4 2) ji. 
ia^2a5«"(DtfrfErs/ix-\' (2 8) {cKi-r?>RS^$n^ io 

M^^thfzr>}:f/l^m (3 5) ^i^oTV'ir/WSS (3 

5) ^Mt-Wb. milBr:/fc:'/^© (3 5) [^miia^T^T 
^mjlE^iii^ (3 2. 4 2) ^r;^Hui5g*^^^iSv^{c^^ 

J.^c^ov^T. MiEmisp^t (3 0) ^v^m^%2mi 
(4 0) ^iSv^^cAtL^{;l?:torv^5. ^^T^ry^-^^^ 

[IS^312 9] |*3ft3l2 7t;i|S«t(7)>^7"r y ^-i/r^^ 
At;iioUNT. fufS:7^:yC/-V (2 8) Jit'^^ (2 8) 
L. mjISMias^t (3 0) f^BfjIS^li^ (3 2) \z.'K 

(3 4) trWU. ::o:A:^iloTttItSf>' (2 8) 1^-^ 
i;tT*3!9. rtLt::<toTBul5mi« (3 2) ^huIS^5' 30 
(2 8) tCia^U. HUlE^-^ Hrj|S^2a5*t 

(4 0) t;i?fg^^n. Miae^- (28) ^af&briuie 

(2 8) tf61Bm2a5«' (4 0) i:Ora<OBUiaRS3e 
^t^fc^i^]^"^tg^c:-rs^ftv^;^t3 5/ h (4 4) 

[tt*JS3 0] It*3l2 2{c|S®(D>^7^Ty ^-i/^^ 

M^^^-^x^ Bfriamiasfi- (7 0) :s:t;^Mfam2gix«' 

(8 0) J^M?f^1*^;^^bTff^^^n-C:fc>9 . tulE^ 1 ^ 
t>*^2(0§|5*^ (7 0. 8 0) CO^>!r(i. 1 :^[^ 

(c:3St;?Sz:o<7)gE&« (7 2. 8 2) Sr^U. ^la^i 4o 

^i;^m2(7)a5W(7:>*^fis ^2 h^-<y>'^^<-r h. ^ 

r/^*tcmj|E.mi:^f^(-MtJ^^^*:^'^^ h (7 4. 8 
5) SrWL. «rfB;^-rr y v^/r^^Ati. 

h (7 4. 8 5) ^milBg^^ (7 2. 8 2) }i(r:>m^ 

(7 0. 8 0) h^-<y ^-^/^-^^ N&t>*Miam2 

yl-® (6 8) ^^tsTl^\^}\^mM. (6 8) $:Mt-^L. 
mj|E:/:yv-V (6 6) ^^115^1^:^ (7 0) (Om^^^ 
*y<>r h (74) <!:ifi:SUTffiS^i^)$ixTio<9. MIE so 



^^5/^*lmrl2^2giS«' (80) (^?^V>ct^*:/W h (8 
5) Sr^;^. ^<7?Sfe*. mrfB7^5/v-^ (6 6) ^SfrlE« 
2Sp«- (8 5) (n^m^^^k^^^ Vh<r>^t'^9tm^f\^^> 

Iff*3i3 u if*^3 otcia^co^T^r y 
A^r*5v^T. B&iamiasH- (7 0) ^T^Htria^2gp«- 

(8 0) fiSVMcAtt^jc/£oTV>5. :^TTV>'^^ 

[ffi*«3 2] St*3g3 oiciBfto^T^ry 

A(C:JoV>T. BulBT^'tVUi^g (6 8) fi. mrfE;^'7='r 
y :/:/=r^Ay>r^v?^>/ (8 6) (C?f^^$tl./:iEy]^ (8 
9) ^^U. w(7)[U3B^ (8 9) HHtjf2^1i5Lt/||2<75r 
^-l^-yl-® (6 8) MiaTT^^yi^-y (6 6) 

(^.i^'-7^>rl-5t"9{^tt5w^;?iST#S:/^>5r5, h (8 5) 

Ilf*^3 3] ft*^2 2tC|E«lt<7>^'7^Ty 
Alc^oV^T. BulSmi§l5*t (110) :5:t/fu Ism 2 W 
(12 0) {'^SM^^t^l.xm^-^tlXi^^ . :i(Dm^ 

x\±. iuiam 1 ^t^m 2 coSPW (110. 12 0) o# 

4r;55miiS(112. 122) ^la^I/S^tSg (12 6) ^ 

EBiiS (112. 12 2) i:BI^UT*5t). mjfE h ^ 
-^y >'t/>'W htiSuiar^^tf/w^a (9 6) jcjiorjf 

[ff*^i3 4] ff*3S3 3\zmm(o:^'TT y :/^=3^ 
A^c^5v^T. mriai?i$s (112. 122) ^.o^ias 

Mi^ (12 6) f;iSv^tc^!a«lz:5F^TT'$>0. iS^I^Jf- 

[it3ic3S3 5] It*:® 3 3tc!em«^^-7^Ty 
A(c:^3V^T. t9iErvtfyi-i£S (9 6) fi'>?^j:< <t t^H 
o(Dr>'fcVw® (9 7. 9 8) ^^b. tuia^i^ (1 
12. 122) Rv^mm^M^ (12 6) (D€->!rti^3i 

[tS*:«3 6] H^3S3 3{cmm<D:^'rrV 

Mz^x^^x. mmmi^u (110) Rxj^mimm2^tt 

(120) ^iSv^^cAi^^^^c/^oT^^'5. ;^7"Ty:/^ 

1 0 0 0 1 ] 

y ^'r/r:' V AtdiSfflT^tSSSl^^^/^^^PAllXmWt- 
[0 0 0 2] 

i\^^^±x!Wiizmmfj:-^(Dmmt.. m^mm~^mt^^ 
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[0 0 0 3] :L(D^m(0—mi)^i9 9S^sM4m,:ih 

— ^;^^m-^^ixfc*H#l^^5. 7 8 8, 2 7 8# 

[00041 mi±mm-^m^j:^u^i^m'r^ :itn. ± 

[0 0 0 5] :;^y^TV>'^=^'7M.y^^i^i^^(DmtL\^^i^ 

oxm.^<DM^mt^'^^tLtb\cmi^^m-^m^j:^u^ 

u^Mz^n't:b:it \c±m^m^^tLX\^^^fzibX^ 
-5o 1 9 9 4^1 2^ 2 7 0lC/V-<;^tC^-^$ix/c7|tH 
#fl=m 5,3 7 5. 8 8 1 ■^<r>m 2 a tdf^. iSOiKIl 

#fFm 5 , 7 7 8, 2 7 8 ^-^^M \^x±x^\^mm u 
:^(om^. \Hm<o^^a{c^Mmt>^x:i^^ . HIS 

Sf^Uiv mJt. h^^y v^v-^^ H^T^/fcVuirtT:* 
[0 0 0 6] /u-f ;^(7:>[lj 2 a h ^ ^yy^-t. ti:Wf 



'7yzf(Dmmm.m:i\t,m-f\c^y)^%<m'x.^t\.x\i^^ 

So 

[000 7] 1 9 9 l^en 2 5U{ZT':f9J^^i^yi!^ 
lC|K^$nfc7|tS#fF^5, 0 2 6, 0 9 2^{C{^^^ 

^Wy^y^^y h^^t^o roii-g^. ^TTV ^^^=^^M^ 
1 OtTe7!;M^5 OtTg#fia) o rcov;^7^Ati. «^ 
[0 0 0 8] 

40 AT'&^-r s otcjg b/c2iii]^^-/^^es4z3^gi- J: o x 
gUTffig*i6^tvr*5»9 . h^-<y bfir:/ 
a^si-is igi:sit5m2(7)*fls:ra<o?DWffl»^®iB#tc^i 

g|5«^7) h^-<y h^i^iiL. ^\^Vi(0^^\Z. 

[0 0 0 9] ::L^^<omy^^(omm^. nmmm'Bix^ 

50 [0010], 
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f^^y h^-g-tPo h7 otomi^ffii 

(c5lo5i?>nSo ^>cv^-c. j:^ h^^/:?"! Oo^aSMSi 6 
o^iip. h^-<y h^^ ;^ h^ix:/! ocoS$ 

[ 0 0 1 1 1 Igl 2 "5r^®eL3^^yW=¥®llX3g»2 S<D 10 

tC^^tT-#^. t"^^2 8{i^i;^ h^5/>^3 0i^?v:3 4 
IkV^f^ 2 0<d:^u y h4 4 tcfig^ii?) ^Jt. 

fir tVi^ 3 5 bit J: p 3 7 £D::^f^ 

»ji-5o f>2 Sfi^i ;^ h^5/:/3 ocom^ig 

3 2(c}f b#tt^tt. rtt(cJ:0llli(cBabT±5:4't- 20 

WLmi^fz^o\^. mi ^ys o^r>^}i'jv3 SCO 

T/s/v'-^'^ LTftffii-So t:->'2 8fi||2;^ 

b ^ :y >^4 0^c?]^^i£;^t^fc;^^ :y h 4 4rt^^l!jU. 
<7:>/cie). 112^ :y:/'4 OfiT:/tVl-3 StvlglUT^ 

nj/ h4 4(D^^SSl-«-rS<ir. rtb^&S^^E^-Y^'^^ UT 
h9yy^4 0t:^O||1^4 2 3!)^A>5|o3i "9 ^»i)5o 30 

[ 0 0 1 2 1 [H 3 El 2 t^iM ur_t:s:4^tciftp^ Lfc# 
;<7 7 — 4 1 :/4 SS.t/^^^'rT y :y^i/^'7 h 

1 li^M ([U^-fr-r) (OTf^^^Kz,^-^^^. :^V—y'4 

^^(7)Bl ^ 5^^3 0tC^^$tt^c:?t3 4 ^il 40 

oTMt/Sc ^i;^ b^';/:^<^2od>lil^bTfc6o m 
2::^V=7v-y4 OO^^tdfi^^n h 4 4 ^^IStt ^bt^X 

hlC?b^oTt'*>'2 8;!)S^f!j-r5o >^!;-^4 S^&s&^-JC 

i^m-r^t^. y — y4 5rtt-^^^^tt/'cir>'tvu3 

10 0 13] Sl07i^£75,'*!:T% t:'>' 2 8 fi;^ n y h 4 4 so 



10 

-C. ;^ h^5/>^4 0<7)^l^4 2^:^7-4 1 tcgau-C 
Sai;i«iti--5o wtt;6se- o;^^^. ;^y— >^4 5;is 
M{-:fe**lc^Bi-r5r ^ h ^ :y >^4 o 

[0 0 141 :^^m<ow>2mMm^m47bmme 
4^{c^tbfcz:o(75 h^-<y :/i//'<-r h^-^tPp 

6 OCOife^^e 2;d5*>!r(7)r>'tVU6 8 <DjlSt-^l 

n^tiX\^^Xhmm^iE\^Xn^tiX\^^ti:<XhX\f'^t 

[0 0 151 igi5ji, MX ^y^wm^i^m-r^'^^ 

ID. :/iyv'-Y6 6;i5^i;^ b 7-^:7^ 7 0^^^y<-( h 7 

Si^7 2^^>!r (7:»r^/tfyW6 8(7>J^ST^!o5SSo 
Btra^'v IT^^/v'^ 6 6:dS^^m2>^ hv2/>^8 0 tgflt 
UTV^J^^l^fc^?). |g2;^ h^:y>^8 0{l'^c7:)tegtdi: 

T><hf::t/:/^/'>-Y 6 6;6S||2;^ h 
'7 yys 0<D^^y<^ hS4\:im^t. :^yZ^^6 e\1 

2^^Tvtr/w-6 8o^[aT'^|o3SSo rc?:>«t5t-U 

:7'5/i^-v 6 6:S.t^ll2>^ :y:7^8 0^O[l^]B^^^c^U 
fc^'*^-<-^' f 8 4 fi:^rY UTffi^L. ^^y<^ h 
8 4a)[lIIBff;ei5HtllS>^'^i/-V iTBUlB**:^^^ b 8 4 t<Dm 

10 0 16] 1^6(-i. |H5lc^bT_L:SC'^tC|5J.0^UfcM 

8 6}^tc{iM;^i^)$tLTiot). m^t^^r ^-^^^ 

7 5lcJ;oT^^$nT4^»9> ^ 2 dS^^^^T^T y >'^=i 

^A/Ne7i;?>'^/8 6 ote::^c3tft:^^ 8 7tc^^-<r y >^ 

i/{c:.toT3c^^nTv^'5o XT^ry v-i/v^-t :7 h 7 6 
(i^-y^— y-/u>:^g^>.h 7 7tcJ:oT±^/-Y:7 h 7 8 
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[0 0 17] 'f'y^y V 8 5 ^^^Iffi (I^^-^-f) (T>if^'f 

h7 5/:7^8 0 ^^5AtL^^c:;^^orv^^, ||iiig8i 
fls? 5t;iK!9<+Jtf>tbSp r^^^'JrS' >8 5Ji. ||lXt5 
zT y^^^ 6 6 ^^tfo 

[0 0 18] ^:)jm^<om^s mmmt^^^>' k/w (m^ 

8 6^c^S3t^i^. ;^v^Ty :^i/='7^-'^^v?>'i/:^s^H3 

9 l^o*■IR3T•^^^::&^c^faE§^^5o :^'rTV^^^=^'7M.y^ 

7 0<O^^y<^ h7 4^^»L. ^iXh^ 5^:7^70^ 

6 6;Si5^2>^ Vyy^S 0(D^^y<^ V 8 
4<Dfirat;i^U. »CVN-e|g2;^ h^S/>^8 0Srr>'fcr/^ 
6 8£DjlffiT*5|o^'9 . rtt(c:J;oTig:iiS.t;«^^oT3i 

[0 0 19] ^SfetC. ^3^j&Sfi^y^l^7 7!?MIlll 0^#fiS 

^yTT'lOO. :&T;5:n^/u:5?®i|x:?"a-fe;^4't;i|SliBl 
.0 2^t/m2$^l 0 4;ii5-Stt-^»b. Bl*Si:^2S 
^(OFBlco{i;^7'.c< ^blloco h^^y i^^^"^^ VtT^:^ 

T'tl. ;^ :y37'l 0 Ofi. T tV^^g 9 6 JCfEg 

^n;rc^o;^i-(D b7-<y b^-g-tTo rv-tvi-^ 

7, 1^:^0 — ^9 8. ;S:t>*:^7"^ D — ^ 9 9^-g'tp, ;^ 

h7 2/>^i 0 ocD^i^i o 2{i^si9 4(7):^r^^cT>' 
y-:/! 0 0<D^^^\ 0 A\-t. T tVl-^g 9 6 tCfp];?>^ 

5o wfO^JT*J:i. Hoa> b^--i:y >'i?^x<>r ^305Iil^bT 

^m'r^^^<^s:^h'7 y-:fm^o:>—mt^^ 9 9 7^2 
^ 2 5 0tcy-:7:^^i^Ht-^^ixfc*@#ff^5, 6 0 
5, 3 5 2•^^c||^$i^rv^'5o 
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[0 0 2 0] IHSti. 5/>^?F^fl5:^^^-t-;5 rT^ 

r^'l::VUi^g9 6fi. wCOi^-g^, mmcOP^^ 9 7. 9 

8. ^t/9 9^-g-tPo :^^j^^^&^^'S^^mt't^mm 

e>2 8ti. ^R13 7(o::i^fR](cT>^tr/w3SS9 6:6^ 
^jS^;?>*5<t ^tc3^»i-5o mj]. fc°>'2 8^^i;^f 
^?/:7^i 1 oomi^^i 1 2tcjf b^tt. lll7fcHUT 
10 p^::. m i ^ b 7 5/>^i i o ^r^^ 

^yhl 2 4rtSr^SlU. tZ^oT. m2>^h^5/>^120 
f^T>'bVu^«9 6 tcHL.T^«tD^*r*fc^o U;5>U 
\i'i^2S\±s X>ttiX}^:!^rn y h 1 2 4(D^MtQ 
\^m^t. m2:^h^yyi 20^^(omimi 22t^ 
^?|o36t)*&i?>So rcOct pldbT. b:'>'2 8:5:t/:^n 
:y b 1 2 4ti. ^2^ y >^1 2 0 ^T>'tr-/V^g9 

UTf^Sj-f--5c »i;^f^y::?'ii odsm2;^ h^tx:/ 
1 2 0it)^m^^<^U-tfc5tttt<J:*>b. 
3T-/£<T^J;V\ ;6K UT. t:° 2 8 ^ T >- tVi^i^a 
9 6 t^5l#P!ii-:^ott*Jl. S?Olc|gi ^ 5^:7^1 

1 OlC JzoTPi^ilX^n. ^V^T'B2^ y:7"l 2 0 t;i 
OlCioTP^HZ^tV. ^>;V^T*|gl^I/m2>^ 5/y^l 

10. 1 2 0(OjM:frtcJ:oTKiR$n5o 

[0021] |g!9t±. iii8^#MLrJi:^tf tc|jj.p^u/^ 

J. 1 3 OcDSiS&gl^^-ro :^y-T^)l^<f^=7 
3 Ofl. T;^-7"r y >':/=3 7AyN^7v^>':/l 3 5(CiPtt 
lcSJtAn^tL:fe_b^-rr y >i/==7A-'^e''i^>^:^^l 3 
7^-g-tfo JbT^^^T^r y ^-i/^i^ A/^r^i;^>->/i 3 
7. I3 5f^jc:fi. ^>!ro^N.>v^:/>/rt-cAtb'^tc«^ 
B&i|X-r6±:T<0>^7^Ty ^-^/iz-Y b 1 2 7s \2St^ 

^'N'^v^Vi/i 3 7 . I3 5tl. ^f^^.o:>h:i.^xm.f\^B3 

^a^Sgi^U. cntcJ: [Ill oic^Ufc^i^ 
UfB2cO>«.>^!X>^l 1 0. 1 2 OTP^OXT-^^o Il2 
Y^y-fX 20(D^^^\ 2 ^1t\^t^T^^\f)V^m.^ 

-i^^cJ:o-c. *^?]|c:^ift(7)SJr[^^^i:. ^v^T^ _L 

T<0:^7^Ty >'^=i^i^^>»>v?>^i5^:65:^Hfci!:#t;i^2 
50 [0 0 2 2] ^%'^t^<DmMm\z.m UT:^ 
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o T PS ^ -c V ^ ^ V ^ p ^ f i S«? $ 5 # ^ 

^ g r > If /W^B^^/^ffl^^^l-iSigi L/c 

[0 0 2 3] Mtc. mtti^ff^Ufcm^fl. 

{c. I1].T^(7)J: 9 ^::a*^^7)^^ijfI&^S^^cE:oT^®a;e^5— 
^T'fc5i^:^^li?:^v^o -^Jx-f^. 3<^Hit#W^5, 7 8 8, 

2 7 8-^ m^m^Mt\^ti^t\^^r) . ^co!^m\m^ 
^t\.x\r^h[^m^t:^mm9^\cm^7<tbf:ih<ot'rh) <o 20 

[0 0 2 4] Mt;::. ^V^(cAtL^^c/^ofc— oO><L 

[0 0 2 5] Mt-. |ll:^CO^T<^^Jfef^!lJ±. h7--^y> 
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. 1 Title of Invention 

KINEnC ENERGY ABSOBBBR 

2 Claims 

1. An energy absorption device comprising: 

a nm plasiicatty deforinable member (30* 10. HO) having a (raveling bight; 

a second plastically deformable member (40, ao. 120) having a traveling bight; 

a pusher (28, (56) attached to a first body C29, 4 1. 85. 135) proximate a first part 
of said first member (30. 70, 1 10); 

a catch allowing said second member (40. 80. 120) to move a limiied distance 
whb respect to the pusher, said distance having a limit beyond which a (irst pan of said 
second member {AO, 80. 120) is efTeciively Fixed to said pusher; 

an anvil arrangement (35. 68. 96) fixed to a second body (45, 86, 137) said 
ravil arrangement (35. 68. 96) being positioned proximate said traveling bights, said 
traveling bights having a shape corresponding with an anvil surface of said anvil 
anangement (35. 68. 96); 

said anvil arrangement (35. 68. 96) arranged to force said traveling bight of 
said first member (30. 70. 110) to travel along a length said first member (30. 70, 110) 
iipon initial relative movement of said first and second bodies, and cause, upon 
continued relative movement of said first and second bodies, said Ciaveling bight of 
said second member (40, 80. 1 20) to travel along a length of said second member (40, 
80, 120) upon szud catch reaching said limit, wherein as said traveling bights travel 
down respective ones of said firet (30. 70. 1 10) and second members (40. 80. 120), 
significant energy is absorbed and dissipated. 

2. The device of claim 1 wherein said first member (30, 70, 110) is . 
significantly shorter than said second member (40. 80, 120). 

3. The device of claim 1 wherein said second member (40, 80, 120) has a 
Inrgcr cross-sectional area than $Aid firsi member (30, 70. 110) (30, 70, 1 10) when said 
area is perpendicular to a direction of travel of said first and second members. 

4. The device of claim 3, said cross sectional area of said first member 
(30, 70. 1 1 0) and said second nnembcr (40, 80, 120) being substantially constant 
throughout an operative length of said first (30, 70, 1 10) and second (40. 80, 120) 
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members* said operative length comprising a portion of said first (30. 70, 1 10} and 
second (40, 80, 120) members starting at ao initial location of said traveling bight, and 
ending at said free end. 

5. The device of claim I, said fiist member (30, 70, 1 10) and said second 
member (40, 80, 120) each comprising a plastically defonoable metal strap. 

6. The device of claim 1 wberdn one of said first and second bodies 
comprises a steering column housing (45. 86, 137) and another of said first and second 
bodies comprises a vehicle body (41, 85, 135). 

7. The device ci claim 1 wbenein said first member (30, 70, 110) and said 
second member (40, 80, 120) are conflgxjrcd in a J configuration characterized by each 
said first portion being at a first end 02, 42) of a respective one of said first and 
second members (30. 40), each said first and second members (30, 40) also having a 
free end opposite said first end (32, 42), each said first end (32, 42) and said fiec end 
being arranged generally parallel to each other, said traveling bights initially being 
adjacent to said first P2, 42) end prior to said relative movement of said first and 
second bodies (29, 135, 137) said first end (32) of said first body (29, 135) being fixed 
to said pusher (28), said first end (42) of said second body (137) including said catch. 

8. The device of claim 7. wherein said first member (30) and said second 
member (40) are nested against one another. 

9. The device of claim 7 wherein one of said first and second bodies (45, 
41) comprises a steering column housing (45) and another of said first and second 
bodies (45. 41) comprises a vehicle body (41). 

10. The device of claim 7, wherein said anvil arrangement (35) comprises a 
sleeve (45), said sleeve (45) being positionable about a steering shaft, said first body 
(41) comprising a collar (41) concentrically disposable about said sleeve (45), said free 
end of each of said first and second members extending along an axis of said sleeve 
(45) and said collar (41). 
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1 1. The device of claim 10 fuither comprising a second first member (30) 
and a second second member (40) disposed ap|n^ximate]y 180 degrees from said first 
and second membm (30, 40). 

12. The device of claim 7, said pusher (28) comprising a pin (28), said first 
member (30) having a hole (34) at said first end (32) through which said pin (28) 
extends thereby fixing said first end (32) to said pusher (28), said catch comprising an 
elongated slot (44) fonned in said second member (40) cooperating with said pin (28) 
to permit said limited movement between said pin (28) and said second member (40). 

13. The device of claim 1 wherein said first member (30, 70» 1 10} and said 
second member (40, 80, 120) are configured in an M configuration, cadi said first and 
second members (70. 80) having two free ends (72. 82) generally extending in a first 
direction, a second traveling bight, and a central bight (74, 85) generally extending in 
said first direction, said anvil anrangement (68) comprises two anvil surfaces (68) each 
positioned between said centra] bight (74, 85) and said free ends (72, 82) and 
proximate said traveling bight and said second traveling bight of said first and second 
members (70, 80), said pusher (6d) being positioned proximate said central bight (72) 
of said first member (70); said catch comprising a separation between said pusher (66) 
and said central bight (85) of said second member (80). 

14. The device of claim 13 wherein sud first member (70) and said second 
member (80) are nested against one another. 

15. The device of claim 13 wherein one of said first and second bodies 
comprises a steering column bousing (86) and another of said first and second bodies 
comprises a vehicle body (85). 

16. The device of claim 13 wherein said anvil arrangement (68) comprises 
a recess (89) formed in a steering column housing (86), said recess (89) including said 
first and second anvil surfaces (68), said pusher (66) comprising a bracket (85) 
attachable to a body of a vehicle. 
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17. The device of claim 1 wherein said first member (110) and said second 
member (120) arc configured in an S configuratioi) characterized by each said first 
portiDn being at a first end (112, 122) of a respective one of said first and second 
members (1 10. 120X each said first and second members (110. 120) also having an 
oppo^te end (126), said traveling bights being adjacent to said first end (1 12. 122) 
prior to said relative movement of said first and second bodies (29, 135, 137). 

18. The device of claim 17 wherein each said fim end (1 12, 1 22) and said 
opposite end (126) being substantially parallel to each other and extencfing in opposite 
directions. 

1 9. The device of claim 2 8 wherein said anvil arrangement (96) comprises 
at least three anvil surfaces (97, 98), each said first end and said opposite end 
extending in a coRunon plane. 

20. The device of claim 17 wherein said first member (1 10) and said 
second member (120) are nested against one another. 

21 . The device of claim 17 wherein one of said first and second bodies (29. 
135, 137) comprise a steering column housing (137) and another of said fml and 
second bodies comprise a vehicle body (135). 

22. A kinetic energy absotbing collapsible steering column comprising: 
an energy absoibing device absorbing Idnedc energy by resisting compressive 

force against said collapsible steering column (76. 130); the energy absorbing device 
including a steering column housing (45. 86, 137). a first plastically deformable 
member (30. 70, 1 10) and a second plastically defonnable member (40, 80, 120) 
wherein said compressive force being exerted against said steering column housing 
(45, 86, 137) and causes displacement of said steering coltimn housing 45,' 86. 137) 
and is initially directed through said first member (30, 70, 1 10) and not said second 
member (40, 80, 120), and at some predefined point thereafter during said 
displacement* said compressive force is passed through said second member (40. 80. 
120), each of said first and second members . 30, 40. 70. 80, 1 JO. 120) including a 
traveling bight, said members (30, 40, 70, 80, 1 10. 120) absorbing said kinetic energy 
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by forcing said traveling bight to travel a length of said raeznbeis (30, 40, 70, 80, 110, 
120). 

23. The steering column of daim 22 wherein said first member (30, 70, 
1 10) is significantly shorter than said second member (40. 80, 120). 

24. The steering column of claim 22 wherein said second member (40, 80, 
120) has a larger cross-sectional area than said fiist member (30. 70. 110). 

25. The steering column of claim 24, said cross sectional area of said iRist 
member (30, 70, 1 10) and said second member (40, 80, 120) being substantially 
constant throughout an operative length of said first and second members (30, 40. 70, 
80, 1 10, 120), said operative length conqirissng a portion of said first and second 
members (30, 40, 70, 80, 110, 120) starting at an initial location of said traveling bight, 
and raiding at a free end. 

26. The steering column of claim 22, said first member (30, 70, 1 10) and 
said second member (40, 80. 120) each comprisiiig a plastically defonnable metal 

str^. 

27. The steering column of claim 22 wherein said first member (30) and 
said second member (40) are configured in a J configuration, each said first and second 
members (30, 40) having a first end (32, 42) and a fiee end opposite said first end (32, 
42), said first end (32) of said first member (30) being fixed to a pusher (28) fixed to 
one of said steering column housing and a body of said vehicle, said first end (42) of 
said second member (40) having a catch permitting limited movement of said second 
member with said pusher (28); said steering column further comprising an anvil 
anrangement (35) compriang an anvil surface (35) shaped to cooperate with each said 
traveling bight, said anvil surface (35) being fixed to anodier of said steering colunm 
housing an a body of said vehicle; 

each said first end (32, 42) and said free end being arranged generally parallel 
to each other, each of said traveling bights initially being adjacent to said first end 
prior 10 said displacement and traveling toward said free end during said disi^acemenL 
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28. The steering column of claim 27, wherein said first member (30) and 
said second member (40) are nested against one another. 

29. The steering column of claim 27, said pusher (28) comprising a pin 
(2B), said first member (30) having a hole (34) at said first end (32) throogh which said 
pin (28) extends thereby fixing said first end (32) to said pxisher (28), said catch 
comprising an elongated slot (44) formed in said second member (40) cooperating 
with said pin (28) to permit said bzmted movement between said pin (28) and said 
second member (40). 

30. The steering column of claim 22 wherein said first member (70) and 
said second member (80) are configured in an M configuration, each said first and 
second members (70, 80) having two free ends (72, 82) generally extending in a first 
direction, each of said first and second members further comprising a second traveling 
bight and a central bight (74. 8S) generally extending in S2dd first direction, said 
steering column further comprising an anvil arrangement (68) comprising two anvil 
surfaces (68) each positioned between said central bight (74, 85) and said free ends 
(72, 82) and proximate a respective one of said traveling bight and said second 
traveling bight of said first and second memibers (70, W), said pusher (66) being 
positioned proximate said centra! bight (74) of said first member (70); said catch 
comprising a deep central bight (85) of said second member (80), resulting in a 
separation between said pusher (66) and said central bight of said second member (85). 

31. The steering column of claim 30 wherein said first member (70) and 
said second member (80) are nested against one another. 

32. The steering column of claim 30 wherein said anvil arrangement (68) 
comprises a recess (89) formed in said steering column housing (86), said recess (89) 
including said first and second anvil surfaces (68), said pusher (66) comprising a 
bracket (85) attachable to a body of a vehicle. 

33. The steering column of claim 22 wherein said first member (1 10) and 
said second member (120) are configured in an S configuration wherein each of said 
first and second members (110, 120) includes a firEt end (112, 122) and an opposite 
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end (126), each said traveling bigfil being adjacent to said first end (1 12, 122) prior to 
said displacement, said traveling bights being forced to travel by an anvil anangement 
(96). 

34. The steering coJumn of claim 33 wheiein each said first end (112, 122) 
and said opposite end (126) being substantially parallel to each other and extending in 
opposite directicHts. 

35. The steering column of claim 33 wherein said anvil arrangement (96) 
comprises at least three anvil surfaces (97, 98), each of said first end (1 12, 122) and 
said opposite end (126) extending in a common plane. 

36. The steering column of claim 33 wherein said first member (1 10) and 
said second member (120) are nested against one another. 
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3 Detailed Description of Invention 

TECHNICAL FIELD 

The present invenlion relates to a kinetic energy absoiption mechanism 
having applicability to vehicular collapsible steering colunins. 

BACKGRO^^^D 

Kinetic energy ebscxption devices are known for use in vehicles to 
reduce the likelihood of injury in the case of an accident Such devices come in many 
different foims. One forni that is particularly effective at absorbing significant 
quantities of energy in a relatively small amount of space employs a plastically 
deformable member, such as a plastically deformable metal v^ire or strap, a pusher, 
and an anvil across which the plastically deformable member is drawn, dissipating 
energy as the member is dcfonncd. The member is initially bent to form a traveling 
Isght which is portioned over the anvil. As the pusher draws the member over the 
anvil, the traveling bight travels down the length of the strap. 

An example of this technique is described in U.S. Patent 5,788,278, 
issued August 4, 1998 to Thomas et al.» which is wholly incorporated herein by 
reference. In this patent, a rhetal strap is formed into a rough M shape with the two 
legs much longer lhan the web extending between them. Each leg of the M is 
positioned on opposite sides of two anvils, and a central pusher is positioned between 
the two anvils. The pusher is attached to the body of the vehicle, while the pair of 
anvil B are attached to a steering column housing. Upon the instance of a forward 
collision, the diiver is expected to impact the steering wheel which will impart a 
compressive force on the steering column housing, causing the anvils to move past and 
on either side of the pusher. The metal strap will be drawn across the anvils as the 
center is pushed down between them. 

Although the use of a plastically deformable member is an effective and 
reliable means for absorbing significant quantities of kinetic energy in a compact 
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space, it has herelofore been impossible to use this technology to adequately vary Ihc 
amount of resistance in response to various loads. Because vdiicular accidents occur 
with varying degrees of severity, it would be desirable to provide an energy absorption 
device that will provide a smaller amount of resistance in the case of a less sever 
collision, and a greater amount of resistance in the case of a more sever coliision. 

Prior attempts at using a plastically deformable member to vary the 
amount of resistance with displacement of the steering cohimn housing have been 
inadequate. This is because the most difGcult design performance centers on the 
desire to begin with a low force level and transition to higher levels. U.S. Patent 
5,375.881, issued December 27, 1994 to Lewis, shows in Figure 2a a metal strap that 
is utilized in a manner similar to that described above with reference to U.S. Patent 
5,778,278 above, but in this case, there are no anvils. Instead, Lewis relies on the 
bending and tensile strength to keep the "free" ends from buckling under compression 
while the inner part is under tension, in effect, pulling the bight down. The use of an 
anvil is picferred, since the effect of friction between the traveling bight and the anvil 
is desirable, and the risk of buckling is eliminated through the use of anvils. 

The strap in Figure 2a of Lewis has a varying cross section. 
Specifically, the Lewis strap includes a nairower secdon in the middle, at the vicinity 
of the pusher, and wider sections toward the bottom of the opposite legs. Because of 
the narrower section in the middle, there is a reduced initial resistance which increases 
when the traveling bight reaches the wider sections. The problem with this design is 
that the strap may fracture if tfie transition to the high force exceeds the tensile strength 
of the narrower section. Since the narrow portions of the strap have just been 
significantly worked by bending, the tensile strength of the narrower sections may be 
significantly compromised. Because of the increased resisUnce due to friction 
between the anvils and the traveling bights, this risk is heightened if anvils aie used. 

US. Patent 5,026,092. issued June 25, 1991 to Abramczyk, describes 
an energy absorbing steering column having a passive restraint load limiting column 
support system adapted to come into play only when the primary energy absorbing 
system, whatever it may be, fails to provide the energy absorbing controlled collapse 
of the steering column assembly as designed, or one which is ad^ed to come into 
play only upon receiving impact loads of greater magnitude than those for which the 
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system was designed This system includes a steering column suppon bmcket that is 
design to fracture under high impact, allowing the steering column to move upwardly 
in a second degree of Freedom. The steering column will theo impact the instrument 
panel, causing its plastic deformation and that of the instrument panel itself, thereby 
providing additional required energy absorption. (See column 5. lines 10-50 of 
Abramczyk.] This system does not provide the kind of energy abscnption 
characteristics desired of a collapsible steering coluxim, but rather dispenses with the 
utility of a collapsible steering column entirely at impaa loads greater than a specified 
threshold. 

SUMMARY 

The (fisad vantages of the prior art noted above and otherwise are 
overcome by a kinetic energy absorption device suitable for use with a collapsible 
steering column that includes a iirsi and second plastically deformable member have a 
traveling bight, a pusher pro^cimate to a first part of the first member attached to a first 
body, a catch allowing the second member move a limited distance with respect to the 
pusher, and an anvil arrangecpent fixed to a second body. The anvil arrangement is 
positioned proximate the traveling bights* which have a shape corresponding with an 
anvil surface of thereof. The anvil arrangement forces the traveling bight of the first 
member to travel along a length of the first member upon initial relative movement 
between the first and second bodies, and then forces the traveling bight of the second 
member to travel along a length of the second member. 
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DETAILED DESCRIPTION 

These end other features wiJ) be apprecialed by reference to the detailed 
description and acconnpanying drawings. 

Figure 1 schcmaiically shows the operation of a known kinetjc energy 
absorption device 5 employing a J -sLrap configuration. Strap 10 includes a traveling 
bight Uiai is looped over anvil 15. A First end 12 of strap JO is pulled in the direction 
of aiTOw 14 away from anvil 15. Free end 16 of strap 10 is then pulled towards and 
around anvi! 15, causing tlie traveling bight to travel down the length of strap 10. 

Figure 2 shows a partially exploded view of a varying-rcsistancc energy 
absorption device 25 employing a J>sirap configuraUon. Pin 2B is fixed to a first 
support 29 and anvil 35 is mounted to a second support (not shown). Anvil 35, in this 
instance, is cylindrical and may rotatably supported so that it Is free to rotate on its 
axis. Pin 28 is positioned in hole 34 of first strap 30 and slot 44 of second strap 40. 
During an event for which energy absorption is required, pin 28 moves away from 
anvil 35 in the direction of arrow 37. Initially, pin 28 pushes against first end 32 of 
first strap 30, causing first strap 30 to be pulled around anvil 35 as previously 
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described with respect to Figure 1. Pin 28 therefore acts as the pusher in this 
embodiment. During this time, pin 2S travels in slot 44 fonned in second sixap 40, and 
so second strap 40 remains stationary with respect to anvil 35. However, once pin 28 
reaches the opposite end of slot 44. it operates as a catch, limiting further relative 
motion between the second strap 40 and the pin 28. Pin 28 then begins to pull second 
strap 40 from Hrst end 42 thezeof . 

}^gure 3 shows an exemplaiy implementation of the multi J-strap 
configuration described above with respect to Figure 2, In this case, a collar 41 is 
concentrically disposed about a sleeve 45 and the steering wheel shaft (not shown). 
Collar 41 is fixed to a body of a vehicle (not shown) while sleeve 45 is attached to a 
steering column housing. Upon impact, sleeve 45 is forced to the left as shown in the 
drawing to pass through collar 41, wMch remains stationary with the vehicle. Collar 
41 includes a pair of pins 28 which c^^tcnd thiough apeitxircs 34 formed in respective 
first straps 30, of which two are shown. Second straps 40 include respective slots 44 
along which pins 28 travel during a first portion of the energy absoitMug movement 
As sleeve 45 moves to the left, anvils 35 formed into sleeve 45 push against a traveling 
bight formed in first straps 30, causing first straps 30 to bend around anvils 35. thereby 
generating a resistive force and absorbing kinetic energy. 

At some point, pins 28 will reach a position in slots 44 opposite from 
that shown, and pins 28 will then hold first ends 42 of straps 40 stationary with respect 
to collar 41. When this happens, further movement to the left of sleeve 45 win cause 
the respective free ends of straps 40 to be pulled toward and around anvils 35, thereby 
significantly increasing the resistance and therefore energy absorption. 

A second embodiment of the invention will now be described with reference to 
Rgures 4-6. Figure 4 schematically shows the operation of a known kinetic energy 
absorption device 55 employing an M-strap configuration. Strap 60 includes two 
traveling bights looped over respective anvils 68. A central bight is placed adjacent 
pusher 66. As a force is applied on pusher 66 as represented by arrow 66, free ends 62 
of strap 60 are drawn around respective anvUs 68, causing the traveling lights to travel 
down the length of the free ends of strap 60. Note here that anvils 68 may be iptatably 
supported or not, depending on whether additional friction resistance is desired. 
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Figure 5 shows a schematic repres«itation of a varying-resistance 
energy absorption device 65 employing an M-strap conHguration. Pusher 66 is fixed 
to a first support (not shown) and anvils 68 are mounted to a second support (not 
shown). During an event for which energy absorption is required* push^ 66 moves in 
the direction of arrow 67 with respect to anvils 68. Initially, pusher 66 pushes against 
first strap 70. at central bight 74 causing the first strap 70 to deform with free ends 72 
being drawn around respective anvils 68. During this time, second strap 80 remains 
stationary in its position as pusher 66 has yet to contact second strap 80. However, 
once pusher 66 reaches cenual bight 84 of second strap 80, pusher 66 begins to pull 
the central portion of second strap 80 away from anvils 68, causing free ends 82 of 
second strap 80 to be pulled around respective anvils 68. In this way, pusher 66 and 
recessed central bight 84 of second strap 80 cooperate as a catch, the recess of central 
bight 84 permitting limited relative motion between said pusher and said central bight 
84. 

Figure 6 shows a partially exploded diagram of an exemplary 
implementation of a varying resistance energy absoiption device employing an 
strap configuration as described above with respect to Figure 5. Telescopically- 
collapsible steering shaft 76 is positioned within a steering column housing 86 and 
supported at a forward end by bearing support 75 and at a second end by a bearing in 
an enlarged, reinforced rear end 87 of steering column housing S6. Steering shaft 76 is 
connected to an upper shaft 78 by universal joint 77; upper shaft 78 is positioned in tilt 
housing 88. 

Bracket 85 is fixed lo a body of the vehicle (not shown) while steering 
column housing 86 is positioned nx>re with respect to a steering wheel (not' shown). 
Steering column housing 86 includes a cavity 89 which houses the energy absoiption 
device as wiU now be described. Cavity 89 includes a pair of anvils 68 upon which a 
first strap 70 and a second strap 80 are nested. A first end 81 is inserted through 
bracket 85 and attached to bearing support 75. Bracket 65 incltides a pusher 66 which 
is aligned with central bights 74 and 84 of first and second straps. 

In the case of a frontal collision, the driver will impact the steering 
wheel (not shown) and the force thereof will be transferred to steering column housing 
86* which will be urged forward in the direction of arrow 91. Anvils 68, being 
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attached lo storing column housing 86 will push fust and second straps 70 and 80 
fonvard. Pusher 66 of stationary bracket 85 will InitiaDy contact central bight 74 of 
first strap 70, causing first strap 70 to be pulled across anvils 68. At some point 
thereafter, pusher 66 will reach the location of the central bight 84 in second strap 80, 
then causing second strap 80 to be pulled across anvils 68» theieby significantly 
increasing the resistance and therefore energy absorption. 

A third embodiment will now be described with reference to Figures 7- 
10. Figure 7 sdhematically shows the operation of a laiown kinetic energy absoxption 
device 90 employing an c^tcmplary S-strap configuration. The S-strap configuration is 
usually charaaerized by a plastically defoimable soap 100 and bending configuration 
wherein a first end 102 and a second end 104 move together during the energy 
absorption process, with at least two traveling bights therebetween that travel down the 
length of the strap, although this is by no means a requirement of ^e S-strap 
configuration. In the conHguration of Figure 7, strap 100 includes several traveling 
bights arranged in an anvil airang^ment 96 that includes two bending surfaces 97 
formed in a block 105, and a central roller 98, and a sUy roller 99. A first end 102 of 
strap 100 is pulled in the direction of arrow 94 away from anvil arrangemem 96. Free 
end 104 of strap 100 is pulled towards anvil arrangement 96, causing strap 100 in 
contort around the various bending surfaces, thereby dissipating a significant amount 
of energy. It should be noted that although three traveling bights axe shown in this 
e?camp)e, any combination or number of bends may be used. An example of a known 
S-strap configuration using only two bends is disclosed in XJS, Patent 5,605352, 
issued February 25, 1997 to Ricfc ct al. 

Figure 8 shows a schematic represeniation of a partially exploded 
varying-resistance energy absorption device 1 15 employing an S -strap configuraticm. 
Pin 28 is fixed to a first support 29 and anvil arrangement 96 is fixed a second support 
(not shown). Anvil airangcment 96, in this instance, includes a plurality of rollers 97, 
98, and 99. During an event for which enorgy absorption is required, pin 28 moves 
away from anvil arrangement 96 in the direction of arrow 37, Initially, pan 28 pushes 
against first end 112 of first sUap 1 10, causing first strap 110 to be pulled through 
anvil arrangement 96 as previously described with respect to Figure 7. Pin 28 
therefore acts as a pusher in this embodiment. During this time, pin 28 travels in slot 
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124 formed in second strap 120, and so second strap 120 remains stationary with 
respect to anvil armngeinent 96. However, once pin 2fi reaches the opposite end of 
slot 124, it begins to pnJI second strap 120 from first end 122 thexeof. In this way, pin 
28 and slot 124 operate as a catch allowing only limited movement between second 
strap 120 and anvil arrangement 96. Although first strap 110 is shown as being 
somewhat shorter than second strap 120, this does not have to be the case. Thus, the 
work of the force pulling pin 28 and anvil arrangement 96 apart can be absorbed by 
first the first strap 1 10 and then the second strap 120, or by first the first strap 1 10, and 
then both the first and second straps 110, 120. 

Hgure 9 shows a diagram of an exemplary assembled collapsible 
steering column 130 implementing the varying resistance energy absorption device 
employing an S-strap configuration as described above with leierence to Figure 8. 
Steering column 130 includes an upper steeHng column housing 137 ^t is coaxiaUy 
receivedin a lower steering ooluxrm housing 135. Coaxially received within upper and 
lower steering column housings 137, 135 are upp^- and lower steering shafts 127. 125, 
which arc telescopically collapsible within the respective housings. Upper and lower 
steering column housings 137, 135 are attached at a mid-point by a frangible 
connection (not shown) so that upon impact of a compresaye force of sufHcient 
strength, the frangible conneaion will shear, and allowing the compressive force to be 
absorbed by first and second straps 1 10, 120, shown in Figure 10. Although only the 
free end 126 of second strap 1 20 is visible extending from anvil arrangement 96, it will 
be understood that the opposite end of the straps will be palled as described above with 
reference to Figure 8, thereby causing at first a first amount of resistance, and then a 
second amount of resistance as the upper and lower steering column housings are 
collapsed. 

While the invention has been shown and described with respect to 
several embodiments, it is to be appreciated that these embodiments are exemplary 
only of the invention, and are not limiting. For example, although the first strap in 
each embodiment is shown as being somewhat shorter than second strap, this does not 
have to be the case. Thus, the work of the pusher and anvil can be initially absorbed 
by the first strap and then the second strap, or initially by the first strap, and then both 
the first and second straps. If the second strap has a greater bending strength than first 
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slrap, a significantly increased resistance will be realized upon the pusher reaching the 
central bight of the second strap, even if the free end of the first strap has conqiletcly 
passed across the anvil arrangement. 

Furthermore, the plastically defonnang membeis do not have to take the 
form of flat metal straps as shown. Various other cross section shapes may be utilized, 
such as round, square, oval, etc. Moreover, the cross sectional areas do not need to be 
uniform throughout the operative length of the member as shown. For exas^le. 
Figure 7 of U^. Patent 5,788^78 (fully incorporated herein) shows a modified metal 
strap having a gradually reduced cross section towards the free end, thereby 
customizing the energy-absorbing characteristic of the plasticaUy deformable member. 

Furthermore, while only two straps are shown nested together, it is 
contemplated that any number of straps may be nested together or placed adjacent to 
one-an other employing the same principle wherein additional straps are called into 
play as the displacement from an initial condition increases. In addition, while a catch 
comprising a pin and slot arrangement is shown for the first and third embodiments, 
any type of catch arrangement could be substituted therefore. 

Furthermore, while all the embodiments shown employ an anvil 
arrangement for bending the traveling bight, an anvil arrangement, while preferred, is 
not absolutely necessary as described in the background portion of this document. 
One of ordinary skill could conceive of modifications to the described embodiments 
sans the anvil arrangement. 

Therefore, as will be appreciated by one slcilled in the art. these and 
many other variations are possible without departing from the spirit and scope of the 
invention. 
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4 Brief Description of Drawings 

Figure ] is a schematic repieseniation of a prior art energy absorption 
device using a J -strap; 

Figure 2 is a schematic representation of a varying^-resistance energy 
absorption device using a J-slrap configuration; 

Figure 3 is an exemplary implementation of the energy absoiption 
device of I^gure 2; 

Figure 4 is a schematic representation of a prior art energy absorption 
device using an M-strap; 

Figure 5 is a schematic representaiion of a var^ng-resistance energy 
absorption device using an M-strap configuration; 

Figure 6 is an cxcmpiary implementation of the energy absorption 
device of Figure 5; 

Figure 7 is a schematic representation of a prior art energy absoiption 
device using an S -strap; 

Figure 8 is a schematic representation of a varying-resistance energy 
Sorption device using an S-strap; 

Figure 9 is an exemplary implementation of the energy absorption 
device of Figure 8; and 

Figure 10 is a pair of S-straps used in the implementation of Figure 9. 
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